Abstract
Background
Research on communication training for physicians and other health care professionals (HCP), particularly in oncology [1] [2] [3] , is experiencing a transition. The research in the last fifty years has stressed the primordial role of communication in health care in general and particularly in the medical work [4, 5] , stressing the meaning of the physician-patient communication for the treatment outcome [6] . The implementation of various communication skills training programs [2, [7] [8] [9] [10] [11] [12] [13] [14] [15] , effective assessment instruments [7, 14, [16] [17] [18] and advanced training methods [19] [20] [21] that showed demonstrable positive effects has led the debate on communication in medicine to a higher level: concepts are being redefined [22] [23] [24] [25] [26] [27] [28] , old-established models are being enhanced [29] , new models are being developed [30, 31] , and a single workshop is being complemented or replaced by shorter interventions (booster sessions, supervision) spread over a longer training period [30, [32] [33] [34] [35] [36] [37] [38] . A crucial question remains how to transfer skills into clinical practice [39] . Studies have shown that the effects of the training are minor when assessed with real patients and do not last long, the effect disappearing after no later than one year [2, 7, 34, 40] . This problem of low transfer despite intensive work is known from Organization Psychology [41] and has triggered significant research, the aim of which is to better understand how transfer works and identify which factors support or disturb this process [25, [42] [43] [44] . Several problems have been identified that hamper the medical transfer in the clinical practice [39, 45] . Physicians often lack formal CST during clerkships and the clinician teachers lack skills for teaching communication. Moreover, the training environment is characterized by a learning culture where communication skills are seldom addressed and the content of the consultations are normally considered more important than the interaction between clinician and patient. Furthermore, strongly hierarchical work cultures, such as the medical one in many places, reinforce the self-consciousness of the trainees and disturb the learning process. Finally, practitioners have often difficulty in understanding the relationship between theoretical communication models and the realities of clinical practice. A number of methods have been suggested to meet these challenges such as the work with self-defined goals [46] , structured feedback [47] , the use of video based feedback [34] and the use of role playing with actor-patients in small groups [47] . Therefore, the goal of the present study was to facilitate the transfer of learned communication skills in oncology into clinical practice. For this purpose, we built upon a previous work in which we developed a communication skills training (CST) consisting of a workshop and one subsequent individual coaching session (ComOn CST). This previous training was evaluated with standardized patients for specific situations, such as the transition from curative to palliative [48, 49] and the discussion of information about randomized controlled trials [50, 51] . The content of the new training was expanded so that consultations including various types of physician-patient-conversations in oncology would be considered. To foster transfer, the coaching concept was thoroughly elaborated and manualized. Therefore, the aim of the present study was to determine the effect of enhanced coaching in an evaluation study using actual consultations.
Objectives
The main purpose of the present study is to determine the influence of the number of coaching sessions (one vs. four) on the efficacy of the ComOn CST. Efficacy was evaluated in real consultations, using the ComOn Rating Scale (ComOn RS).
Primary hypothesis: After a CST workshop, participants in the enhanced four session coaching condition (intervention group) will have significantly better communication skills performance than the participants in the one session coaching (control group, as previously evaluated).
Intermediate hypothesis
1. The training (workshop plus coaching) will show significant changes for both IG and CG, but at least for the IG. This should confirm that the original training is effective also with real patients.
2. As the workshop was the same for both IG and CG, it will be checked if both groups differ one from another after the workshop (baseline for the calculation of the effect of the coaching). No significant changes are expected.
3. Significant changes between before and after the coaching are expected at least for the IG.
As the intermediate research questions are prerequisites for the main one, the former will be presented first in the results.
Methods/Design

Trial design
The randomized controlled trial was conducted in Freiburg and Munich, Germany. Fig 1 shows the study design and the actual data collected. Before the workshop, each physician obtained video-recordings of two real consultations with patients during their daily practice (assessment point t0). The physicians selected and invited patients among those who they were currently treating. We only recorded consultations with cancer patients who, after being informed about the study, gave their written consent. The consultations were open to all themes linked to cancer treatment and included breaking bad news, treatment discussion, delivery of medical information, regular control consultations etc. After the workshop, two parallel and even-numbered groups of participating physicians were established, receiving a different number of coaching sessions (Intervention Group (IG): four sessions; Control Group (CG): one session). Each physician recorded two additional consultations before the first coaching session (t1). After the completion of coaching (the number of sessions depending on the group assignment), two more consultations were video-recorded by each physician (t2). The first video recording was made in July 2013 and the last recording was made in January 2016.
Participants
Physicians working in the field of oncology were eligible to participate in the present study. Participation was voluntary though attractive due to the ability to earn continuing education credits. Physicians were asked by AW and MNF to participate and to recommend their colleagues for recruitment using a snowball recruitment method. The recruitment was closed when 72 physicians registered for the training. One physician in the first workshop did not continue after assessment t1 and was substituted by another physician in a subsequent workshop. Thus, a total of 73 physicians participated in eight workshops between July 2013 and June 2015, and 72 complete data sets were assessed and analyzed. Three participants did not come from the study centers or affiliated clinical institutions. These individuals participated in the workshop and were coached via Skype by AW.
Intervention
The 1.5-day workshop was manualized and based on the workshop developed and evaluated in previous studies [48, 51] . The workshop consisted of a short theoretical introduction followed by work in small groups of four physicians. In the small groups each physician could practice on challenging situations of own practice in role plays with actor patients. The coaching concept was manualized based on the Miller Pyramid [52] and the self-regulation model for behavioral changes [53] . The coaching consisted of four sessions: in the first two sessions, the videos recorded at t1 were analyzed by the trainer and the physician together; in the third session, one critical passage of the videos was discussed in detail; and the fourth session was conceptualized as an open supervision. The control group had only one session, where one of the videos was analyzed. Each small group had the same trainer throughout the workshop and in the coaching sessions. The theoretical background of the training was based on the SPI-KES-Modell [54] . The ComOn RS, the instrument used for the evaluation of the training, was developed to match the taught skills [55] , so that its items (see Outcomes below) describe also taught content. Table 1 shows the main characteristics of the study. Additional details are provided in the study protocol [56] .
Randomization
When participants were registered for the workshop, small groups of four physicians were established, two of which were randomly allocated into one of the treatment groups. This strategy enabled us to ensure that all trainers had trained both IG and CG. The allocation was based on a computer-generated list of random numbers and executed by an independent statistician (HS). In addition, the participants were stratified for sex and occupational setting (inpatient or outpatient). As blinding was not possible for the entire process, the group assignment was concealed to trainers and participants using opaque and sealed envelopes until the end of the workshop.
Trainers
A total of 12 trainers were involved in the project. All trainers were psychologists/physicians with proficiency in communication training. Six of the trainers had training experience and were involved in the conceptual development of the training. The other trainers were trained by the senior author (AW) and assisted in the training prior to working as independent trainers.
Outcomes
Each consultation was evaluated by one of two raters who were blinded to group assignments and assessment points. The raters, two psychologists with experience in consultations with cancer patients, were trained in using the ComOn-Coaching Rating Scales [57] for both the validation study of the instrument and the present evaluation study. The training consisted of eight sessions of 3-4h each, where recorded consultations were rated and discussed till acceptable agreement levels were achieved. Table 2 shows the items of the ComOn-Coaching Rating Scales and the interrater-reliability (given as interclass correlation, ICC) achieved.
As the interrater-reliability was only moderate for some items, the rater effect was considered as a covariate for the calculation, and the item with the lowest reliability Overall evaluation (Item F) was substituted by the average of all items (All items), which showed good reliability. The items are summarized as areas/domains, which are indicated in bold. In this article, all results are shown as summarized domains. The results for the single items are provided in the supporting information.
Sample size
The sample size calculation was performed based on effects sizes ranging between 0.61 and 0.78 observed in the previous project [49] . Therefore, we aimed at demonstrating a significant difference between IG and CG with a power of 80% when an effect size of ES = 0.7 is assumed. The sample size calculation was based on the two-sample t-test at a two-sided level (α = 5%) and resulted in 34 physicians per group. We increased the size of each group by 5% to account for potential dropouts, for whom no data enabling an intention-to-treat analysis can be obtained. Therefore, we planned to randomize 72 physicians. 
Statistical methods
Statistical analysis was conducted with SAS 9.2 (SAS Institute Inc., Cary, NC, USA) by an independent statistician (GI). As the only physician with incomplete data was substituted by another physician, we did not perform any imputation strategies to account for this dropout.
We used descriptive methods to analyze baseline characteristics and changes in evaluation compared to baseline. Paired t-tests were applied to assess changes from baseline, as visual inspection of the data justified the assumption of normally distributed data.
The hypotheses regarding the additional benefit of intensive coaching were investigated with linear mixed regression models. Mixed regression models may incorporate fixed effects (e.g. treatment group) as well as random effects (e.g. rater) and repeated measurements [58] . Group comparisons (IG vs. CG) at t2 of the evaluation by the external raters were analyzed with these models. The models account for repeated measurements due to two consultations for each physician at each time point, control for baseline evaluation (averaged over two consultations), patient distress, and a rater random effect. Effect sizes were derived using the estimated treatment effect and the estimated standard deviation of the observations obtained from the mixed models.
Ethical issues
This study was approved by the ethics committees of the University Medical Center Freiburg, Freiburg, Germany, and the University Hospital Klinikum rechts der Isar, Munich, Germany, and is registered under DRKS00004385 in the DRKS (German Clinical Trials Register). Physicians and patients were informed verbally and in writing and gave their written informed consent. Table 3 describes the physician sample. The physicians were 34 years old on average (SD = 8.1) and had a mean of 6 years work and 3 years oncological experience. Five physicians were in training for medical specialization, and 17 physicians were already specialists (i.e., licensed to work as senior physicians or in private practice). Twenty-two physicians worked in Hematological Oncology, 12 physicians worked in other internal medicine specialties, and 15 physicians worked in Oncological Gynecology. The IG and CG did not differ in any of the assessed variables to a relevant extent. Tables 4 and 5 describe the patient sample. A total of 428 consultations with different patients were recorded.
Results
Samples
The average age of the patients was 59 years (SD = 15.51); two conversations were conducted with the patient's parents (1 and 10 y. o.); 49% of the patients received curative treatment, and 33% of the patients received palliative treatment according to the treating physician's declaration of. Among all the assessed variables, patients of the IG and the CG noticeably differed only in distress over the three assessment points, with the physicians of the IG having significantly more distressed patients at t2. Therefore, this variable was used as a covariate for the mixed models calculation. 
Intermediate hypothesis I: Effect of the training
As stated above, the first hypothesis tested was whether the present training concept (workshop plus coaching) was effective with real patients. Table 6 shows the assessment of the consultations by the external raters at t0 (before workshop) and t2 (after coaching), and the changes between t0 and t2 for both groups. Significant effects (marked bold in the table) were achieved by both the IG (Start of conversation (p = 0.0004), General communication skills (p = 0.0025) and All items (p = 0.0064)) and the CG (Start of conversation (p = 0.0126) and Structure of Consultation (p = 0.0153)). These results suggest that the training concept was able to produce changes on the behavior of the physicians as expected.
Intermediate hypothesis II: Effect of the workshop
Before we discuss the effect of coaching on the groups, the effect of the workshop alone should be considered (S1 Table) : no significant effect was achieved for either of the groups alone (p-range 0.12-0.91) or both groups together (p-range 0.06-0.92), so that both groups does not differ significantly one from another after the workshop, and neither differs significantly from before the workshop. Some non-significant changes seem to be important to understand the effect of the coaching, as will be discussed below.
Intermediate hypothesis III: Effect of the coaching on the groups
The second step is to test the hypothesis that the coaching would have a significant effect on the communicative behavior of the physicians. Table 7 shows the assessment of the consultations by the external raters at t1 (before coaching) and t2 (after coaching) and the changes between t1 and t2 for both groups. The IG achieved a significant change in the areas Start of conversation (p = 0.0482), Assessing patient's perception (p = 0.0044), General communication skills (p = 0.0266) and All items (p = 0.0102). The CG achieved a significant development in the areas Start of conversation (p = 0.0416) and Structure of conversation (p = 0.0368). The two coaching models had thus some significant influence on some domains.
Primary hypothesis: Effect of the coaching-Comparison between the groups
In a last step, we addressed our main hypothesis that more intensive coaching would show a significant advantage compared to less intensive coaching. Table 8 shows the results from the mixed regression models investigating the comparison of the IG to the CG at t2, adjusting for baseline t1, patient distress, and rater. The IG shows a significant greater effect than the CG in the domains Assessing patient's perspective (p = 0.0084), General communication skills Evaluation of the consultations of all physicians by external raters at t0 and t2 (scale range: 0-4); p-value from paired t-test to assess differences between t0 and t2.
https://doi.org/10.1371/journal.pone.0205315.t006 (p = 0.0063) and All items (p = 0.0446). These differences show a medium effect size (0.41-0.51).
Ancillary examination of process data
As both groups had a significant improvement in different domains through the workshop, a detailed examination of the changes through all three assessment points was undertaken in order to better understand these changes. For three items, the difference between the IG and CG values at t0 (before training) was larger than 0.2 points (pts), although not significant: B1 (Active structuring), B2 (Setting sub-sections), and E5 (Checking understanding). Among the B-items, there was practically no change in both groups between t0 and t1 (between workshop and coaching, see S1 Table): B1: IG 2.8 pts (t0) and 2.77 pts (t1) CG 2.51 pts (t0) and 2.55 pts (t1); B2: IG 1,92 pts (t0) and 1.88 pts (t1) CG 1.64 pts (t0) and 1.74 pts (t1).
Through coaching, the CG achieved a significant change and reached the same level as the IG (at t2 IG: 2.85 pts; CG 2.89 pts; see S3 Table) . For the E5-item, both groups were markedly low at t0 (IG: 0.67 pts; CG: 0,42 pts) and achieved a positive change through the workshop (at t1 IG: 0.76 pts; CG: 0.61 pts) that became significant for both groups through coaching (at t2 IG: 1.02 pts; CG: 0.90 pts).
Discussion
This randomized controlled trial (RCT) evaluated the effect of a different number of coaching sessions as part of an innovative training concept consisting of a workshop and coaching. After determining that the workshop alone did not produce changes by the physicians in real consultations, we were able to show that the whole training (workshop plus coaching) is able to produce such changes in both groups. In three out of eight domains the IG showed a significant greater effect.
While changes in the physicians' behavior can be clearly achieved, these changes are very small and limited. The question goes thus beyond the simple question "is it worth adding three more coaching sessions?" It seems to imply that considerable changes can only be achieved by long and intensive work. The implication for the practice is that continuous interventions should be preferred to punctual ones. The implication for research is that further effort should be invested in evaluating CST and add-on interventions in real settings, where the effect sizes tend to be smaller. Our training achieved significant effects in some domains but not in others, suggesting (1) that the respective domains may be differently affected by training, and (2) influences other than the (intensive) training alone may have led to these changes. One reason for the difference among the domains can be associated with qualitative differences between the domains and the items within them.
Regarding the potential influences other than manualized training alone, it is important to consider the learning process of the physicians. Depending on how the physician presently communicates, what is important for him/her in the moment of the training and the interaction with the trainer during the training may be different for other physicians in the "same" training. As discussed above in the ancillary analysis of the data, for the three items where the CG was lower than the IG before the training, the CG and the IG reached the same level after the coaching. In all three cases, it seems that the trainers and the trainees concentrated on domains that needed more attention (e.g. structure and checking understanding) before they could move forward to other domains, e.g., dealing with emotions, an important topic for the physicians. In fact, between t0 and t2 (after the coaching), the IG shows a positive (but not significant) change in both items of dealing with emotions (domain C: 2.36 pts (t0); 2.64 pts (t2); see S5 Table) , while the CG shows a very small change (2.29 pts (t0); 2.34 pts (t2)). More time and intensive training seems to have been required for the IG to achieve a significant change and for the CG to achieve a change at all. We tried to account for the individuality of learning goals of the physicians by recording the learning goals with a goal attainment scale at the beginning of the workshop. However, the learning goals often changed during the learning process, so that this method, at least as we used it, was too static.
These observations imply that training programs have to be flexible in order to address the different needs of the physicians. Moreover, in the development process of the training concepts it should be taken into account, that different skills/domains may need different intensity of work to be changed, probably dependent on the prior knowledge/skills of the physician. A study by Bylund and colleagues [40] describes, for example, that although no transfer was observed in the trained physicians as a whole, the subgroup of the weaker physicians at baseline showed significant changes on their communicative behavior. Here also arises a further challenge for future research: only a better understanding of the learning processes [44] and the learning context [39, 45] of the physicians will allow an enhancement of the training methods.
The two review articles on CSTs [2, 7] discussed five RCTs similar to the present study, where actual consultations between health care professionals and patients were evaluated using external raters [34, 37, [59] [60] [61] . Two RCTs [60, 61] were concerned with emotion and empathy only, and all RCTs used an interaction analysis method as the main assessment tool. Interaction analysis methods are based on the assumption that certain categories of reactions are good, independently from the context of the consultation [62] . Our study, in contrast, used rating scales, which are less objective but evaluate the performance and appropriateness of the physician's reactions [57] . Thus, this study not only replicates the heterogeneous results of the other studies but also expands the discussion to further aspects, such as the structure of consultation and the meaning of the context. Moreover, It leads the discussion further to the problem of the limitations of the rating instruments [63] [64] [65] , a very challenging question for future research.
Strengths and limitations
Our study has several strengths. The demanding assessment of actual consultations in several areas of oncological medicine assures high external validity. Furthermore, the intervention is based on the literature recommendations [5, 55] and incorporates the elements of modern pedagogy [53] and psychology [52] . The additive design used in the present study enabled the evaluation of one component of the training, the coaching, providing information on the specific value of the coaching as an add-on for the workshop.
Our study has some limitations as well. First, the sample calculation was based on a previous study, which showed effect sizes larger than those actually observed in the present study. To verify a hypothesis with such an effect size, twice as many physicians would be necessary. Additionally, it was not possible to complete a video-recorded follow-up a few months after coaching was completed, so our study does not provide information on the long-term effects of this training. Furthermore, as there was no group without intervention, it was not possible to calculate the true effect of the workshop alone.
Second, selection bias may be present, as (1) the participation was voluntary and (2) the patients were partially chosen by the physicians themselves. The effect of involving physicians more interested in communication in our workshop may have been reduced by the possibility of obtaining a certificate that most of the physicians needed for their specialization. Another systematic bias may come from the willingness (or not) of the physicians to have their consultations recorded on video. In fact, the recording prevented many physicians from participating in the present study. It is likely that physicians were influenced not only by their own preferences but also by the work climate and expectations of the departments they worked in [cf. 45] . With respect to patient recruitment, although selection bias cannot be ruled out, the assessment of the patients' distress suggests that bias was limited, as very distressed patients were asked and agreed to participate in the study. Interestingly, the most distressed patients were those in the IG at t3. It seems that the physicians in this group were more confident in having difficult consultations recorded. The data on the self-evaluation of the physicians is currently being prepared for publication.
Third, our main instrument was not equally reliable in all items, as discussed above [57] . We addressed this issue by using the rater random effect as a covariate for the calculation of the mixed models. Another problem we faced was the daily constraints that did not allow us to strictly follow our study design. As part of their specialization, the physicians regularly rotate from one ward/ambulance to another, which means that some physicians suddenly did not work in oncology. Our solution to this problem was to wait until the next opportunity the physicians had oncological patients again and continue the study from there. Our protocol restricted the training to oncologists as our preliminary work was also restricted to this area. The effects of the training in other medical specialties need to be tested.
Generalizability
One of greatest strengths of the present study is its high level of external validity and generalizability. The training and assessment were conducted under actual conditions with actual patients.
Conclusion
In summary, our study suggests that individual coaching is an important add-on for communication skills workshops, and more time and more intensive coaching are needed to achieve significant results, especially in more complex domains, such as dealing with emotions. The small effect sizes reiterated that hard work is required to change behavior. Considering the efforts made in the last years to increase the effect sizes of CSTs, one cannot disregard the fact that learning new behavior requires time and practice that cannot be provided by short training alone. The work with detailed analysis of video recordings of actual consultations seems effective and was well accepted by the physicians.
Indeed, research on communication in medicine is experiencing a turning point. In this context, the present study represents an important contribution: it integrates the key recommendations of experts in communication skills training regarding time, didactics, set up and training [47] for the optimization of didactics and improvement of effect sizes. Thus, these results are promising, despite some statistical limitations, as they show a high degree of external validity and offer new insights for future research.
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